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(54) SHAPE MEASURING DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a shape 
measuring device capable of measuring the shape of an 
object even if a part of markers of a measuring head is 
unrecognizable. 

SOLUTION: In the shape measuring device in which the 
three-dimensional shape of an object to be measured is 
measured by converting a point of measurement of an 
object to be measured picked up by the measuring head 
10 in a coordinate system centering a measuring head 
10 into coordinates in a world coordinate system on the 
basis of locational information obtained on the basis of 
the image of markers 14 of the measuring head 10 
picked up by a stereo camera 21, corresponding 
markers 14 are distinguished on the basis of the 
an-angement of the image of the markers 14 picked by the stereo cameras 21 and 22, or 
corresponding markers 14 are distinguished by tracking the movement of the image of the 
markers 14 to obtain information on the locations of the markers 14. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of thxs translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS ^ 

[Claim(s)] . ^ ^ , . 

[Claim 1] The measuring head which has at least four markers and is made to move freely by the 
operating personnel, the point-of-measurement coordinate calculation which searches for the coordinate 
of the point of measurement on the device under test in the system of coordinates based on measunng 
heads using this measuring head -- a law -- with a means A measuring head image pick-up means to 
picturize said measuring head from a position, and a measuring head location calculation means to 
search for the information about the location of the measuring head in a worid coordmate usmg this 
measuring head image pick-up means. It is based on the information about the location of said 
measuring head called for by this measuring head location calculation means. The coordinate of the 
point of measurement on said device under test in the system of coordinates based on [ which was 
searched for by said point-of-measurement coordinate calculation means ] measunng heads It is the 
configuration measuring device equipped with a coordinate fransformation means to change mto the 
coordinate of a worid coordinate. A marker discernment means by which said measunng head location 
calculation means identifies the marker con-esponding to each marker image based on anrangement of 
the marker image picturized with said measuring head image pick-up means. The configuration 
measuring device characterized by having a marker trace means to pursue migration of each marker 
image picturized with said measuring head image pick-up means, and a means to search for the 
information about the location of a measuring head based on the location in the world coordmate of each 

marker image. . • j • 

[Claim 2] Said measuring head location calculation means is the configuration measunng device 
according to claim 1 characterized by to identify the marker to whom each marker image corresponds 
with said marker discernment means when migration of all marker images is able to pursue with said 
marker trace means, and to identify based on the discernment result of the marker image before movmg 
the marker to whom the marker image which was able to pursue corresponds when there is a marker 
image which cannot pvirsue migration with said marker frace means. 

[Claim 3] Said measuring head location calculation means is equipped with a number detection means 
of markers to detect the number of the marker images picturized with said measuring head rniage pick- 
up means When the number of the marker images detected with this number detection means of 
markers is a marker's number and the same number which were attached in the measuring head. When 
there are few marker images which identified the marker to whom each marker image corresponds with 
said marker discernment means, and were detected with said number detection means of markers than 
the number of markers attached in the measuring head. The configuration measuring device according to 
claim 1 characterized by identifying the marker to whom each marker image con-esponds with said 
marker trace means. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the configuration measuring device which a user moves 
a measuring head freely and measures the three-dimension-configuration of a device under test. 
[0002] 

[Description of the Prior Art] From the former, spot light or slit light is irradiated at a device under test, 
and the configuration measuring device of the active stereo mold which restores a configuration from 
the location of the hght figure observed on a front face is known. 

[0003] As a configuration measuring device of an active stereo mold, there is a thing which makes slit 
light scan by the rotation mirror. Although the configuration of the front face of the device xmder test 
observed from a measuring instrument can be measured in the configuration measuring device equipped 
with such a scan mechanism, the configuration of the whole device under test cannot be measured. 
[0004] On the other hand, in order to measure the configuration of the whole device under test, a 
rotation stage is used and the configuration measuring device of the active stereo mold which observed 
the device under test from the perimeter enclosure of 360 degrees is developed. However, since a field 
unobservable even if it uses a rotation stage exists when a device under test is a compUcated 
configuration, the configuration of the whole device under test cannot be measured. 
[0005] On the other hand, when an operating personnel grasps a measuring head and measures by 
moving a measuring head around a device under test, the configuration measuring device which can 
measure the configuration of the whole device under test of a complicated configuration is proposed. 
[0006] 

[Problem(s) to be Solved by the Invention] however, in order to measure the location and sense of a 
measuring head Since it is necessary to perform matching with a marker's image photoed with the 
camera, and the marker position on a measuring head. When some markers separated from the common 
visual field of two cameras or he hides by the hand of the operating personnel which grasps the 
measuring object and a measuring head. There are of which marker of a measuring head a marker's 
image picturized with the camera being an image and a problem of being unable to recognize but 
configuration measurement of a device under test becoming impossible. 

[0007] Then, this invention aims at offering the configuration measuring device which can perform 
configuration measurement of an object, even when some markers of a measuring head cannot 
recognize. 
[0008] 

[Means for Solving the Problem] The measuring head which the configuration measuring device of this 
invention has at least four markers, and is made to move freely by the operating personnel, the point-of- 
measurement coordinate calculation which searches for the coordinate of the point of measurement on 
the device under test in the system of coordinates based on measuring heads using the measuring head — 
a law — with a means A measuring head image pick-up means to picturize a measuring head from a 
position, and the measuring head location calculation means for searching for the information about the 
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location of the measuring head in a world coordinate using the measuring head image pick-up means. It 
is based on the information about the location of the measuring head called for by the measuring head 
location calculation means. The coordinate of the point of measurement on the device under test in the 
system of coordinates based on [ which was searched for by the point-of-measurement coordinate 
calculation means ] measuring heads It is the configuration measuring device equipped with a coordinate 
transformation means to change into the coordinate of a world coordinate. A marker discernment means 
by which a measuring head location calculation means identifies the marker corresponding to each 
marker image based on arrangement of the marker image picturized with the measuring head image 
pick-up means. The configuration measuring device characterized by having a marker trace means to 
pursue migration of each marker image picturized with the measuring head image pick-up means, and a 
means to search for the information about the location of a measuring head based on the location in the 
world coordinate of each marker image. 

[0009] The information about the location of those marker images to a measiuing head if three or more 
in two or more markers attached in the measuring head by considering as such a configuration are 
picturized with a measuring head image pick-up means and they are pursued with the marker trace 
means is ** **. 

[0010] It is characterized by to identify the marker to whom each marker image specifically corresponds 
with a marker discernment means when a measuring head location calculation means is able to pursue 
migration of all marker images with a marker trace means, and to identify based on the discernment 
result of the marker image before moving the marker to whom the marker image which was able to be 
pursued corresponds, when there is a marker image which cannot pursue migration with a marker trace 
means. 

[001 1] By considering as such a configuration, in addition to the trace by the marker image trace means, 
when all markers are able to pursue, discernment of the marker image by the marker discernment means 
is performed further. 

[0012] Moreover, a measuring head location calculation means is equipped with a nimiber detection 
means of markers to detect the number of the marker images picturized with the measuring head image 
pick-up means. When the number of the marker images detected with the number detection means of 
markers is a marker's number and the same number which were attached in the measuring head, It is 
characterized by identifying the marker to whom each marker image corresponds with a marker 
discernment means, and identifying the marker to whom each marker image corresponds with a marker 
trace means, when there are few marker images detected with the number detection means of markers 
than the number of markers attached in the measuring head. 

[0013] By considering as such a configuration, according to the number of the marker images picturized 
with an image pick-up means, a marker discernment means and a marker trace means are used 
alternatively, and discernment of a marker image is performed. 
[0014] 

[Embodiment of the Invention] Hereafter, the gestalt of 1 operation of this invention is explained, 
[1] The explanatory view 1 about a measurement principle shows the outline configuration of the 
configuration measuring device in the gestalt of 1 operation of this invention. 

[0015] The device under test 100 is carried on the base 201 . The stanchion 202 is attached in the base 
201 . The level bar 203 is attached in the upper part of a stanchion 202. 

[0016] The configuration measuring device is equipped with the measuring head 10 made to move 
freely by the operating personnel, the stereoscopic cameras 21 and 22 attached in the both ends of the 
level bar 203, and the control unit 30 which consists of a personal computer which performs those 
control, various operations, etc. The band pass filter 23 which penetrates alternatively the frequency 
band of light which the marker 14 who shows drav/ing 2 releases to the image pick-up lens of each 
stereoscopic cameras 21 and 22 is attached. 

[0017] Drawing 2 and drawing 3 show the outline configuration of a measuring head 10. 

[0018] The measuring head 10 is equipped with the marker 14 who consists of one set of CCD camera 

12 and the slit light source 13 which were contained in the casing 1 1 of front opening, and casing 1 1 by 
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the shape of a rectangular parallelepiped, and the six LED light sources 14a-14f prepared in the top face 
of casing 11. Semiconductor laser is used as the slit light source 13. 

[0019] Since the direction of a measuring head 10 is specified, the six LED Ught sources 14a-14f which 
constitute a marker 14 are not made into a point symmetric design, but serve as a line symmetric design 
to the center line of a measuring head 10. Here, it is arranged so that five LED light sources [ 1 lb 1 Ic, 
lld,lle, andUf] points may make a rectangle on the top face of casing 11, and LED light source 11a 
is arranged at the center of gravity of these five points. In addition, although it is enough if there are at 
least three LED light sources as a marker in order to measure the location and direction of a measuring 
head 10 of the inside of three-dimension space, the location of a measuring head 10 Mid the accuracy of 
measurement of a direction improve in least squares by using the four or more LED light sources. 
[0020] Drawing 4 shows the measurement principle of a configuration measuring device. 
[0021] The coordinate of the point of measurement A which has used the measuring head 10 made to 
move fi-eely by the operating personnel is measured. The measured coordinate is expressed with the 
coordinate (x y, z) in the system of coordinates based on measuring heads. These system of coordinates 
are system of coordinates which move with migration of a measuring head 10. 

[0022] On the other hand, the configuration of a device under test 100 is expressed with the fixed system 
of coordinates, and calls these system of coordinates a world coordinate. The coordinate in the world 
coordinate of ttie point of measurement measured by the measuring head 10 is set to (X, Y, Z). Smce a 
world coordinate needs to describe the configuration of a device under test 100, it changes mto a worid 
coordinate the coordinate (x y, z) in the system of coordinates based on [ of the point of measurement A 
measured by the measuring head 10 ] measuring heads. This conversion is performed based on the 
following formula 1 using the rotation matrix R and the advancing-side-by-side vector t showmg 
migration of a measuring head 10. 
0023] 

Equation 1] 



- R. 



+ t 



[0024] Therefore, the coordinate (x y, z) in the system of coordinates based on measunng heads is 

convertible for a worid coordinate by searching for the location and direction of a measunng head 10 m 

a worid coordinate as the rotation matrix R and an advancing-side-by-side vector t. 

[0025] Moving a measuring head 10 around a device under test 100, the above-mentioned processing is 

performed and the configuration of a device under test 100 is described as a set of the coordinate (X, Y, 

Z) in the world coordinate of the point of measurement obtained each time. 

[0026] Configuration measurement by this configuration measuring device is performed by the 

following procedure. j • j * ♦ • 

[0027] The 1st step: Search for the coordinate of the point of measurement on the device under test m 

the system of coordinates based on measuring heads using a measuring head 10. 

[0028] The 2nd step: Ask by carrying out stereo image measurement of the marker 14 for whom the 

information about the location of the measuring head 10 in a worid coordinate, i.e., the rotation matrix R 

showing migration of the measuring head 10 in a worid coordinate and the advancing-side-by-side 

vector t, was prepared on the measuring head 1 0 with stereoscopic cameras 2 1 and 22 . 

[0029] The 3rd step: Change into the coordinate of a world coordinate the coordinate of the point of 

measurement on the device under test in the system of coordinates based on [ which was searched for at 

the 1st step ] measuring heads based on the rotation matrix R and the advancing-side-by-side vector t 

which were acquired at the 2nd step. 

[0030] Hereafter, each [ these ] step is explained. 

[2] The explanatory view 5 about the 1st step shows the location measuring method of the point of 
measurement by the measuring head 10. 
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[0031] The system of coordinates based on measuring heads are system of coordinates which make the 
optical axis of CCD camera 12 a zero, and make [ the direction of an optical axis ] the y-axis a x axis 
and the perpendicular direction of CCD camera 12 for the horizontal direction of the z-axis and CCD 
camera 12. The image side S of CCD camera 12 exists in the location of a focal distance f from a zero. 
That is, the image side S is parallel to a x-y flat surface, and is a flat surface which is z=f. 
[0032] The location measurement approach by the measuring head 10 itself is a well-known measuring 
method called an optical cutting method. Let the predetermined point on the line by which the sUt Ught 
from the slit light source 13 on the front face of a device under test 100 is irradiated be point of 

measurement A. j - / \ 

[0033] this - point of measurement -- A -- a measuring head - a core ~ a coordinate - (- x ~ y ~ z ~) - 

- ** - carrying out ~ an image - a field ~ S ~ a top ~ point of measurement - A ~ corresponding — a 
viewpoint - A -- ' -- a coordinate - (- xs -- ys - f -) -- ** -- carrying out -- a slit -- light -- expressing - 

- a flat surface ~ an equation -- ax+by+cz+d=0 - carrying out . f in the coordinate (xs, ys, f) of 
viewpoint A' is known as a focal distance of CCD camera 12, and (xs, ys) are calculated from the pixel 
location of the sUt light observed in respect of an image. 

[0034] The plane equation showing slit light is called for by proofreading of a measuring head 10. 
Therefore, x, and (y, z) are called for by solving the simultaneous equations expressed with the 
following formula 2 which makes x, and y, z and alpha an unknown. 
[0035] 
[Equation 2] 

ax+by+«s*+el=0 
x=a-xm 



[0036] This processing is performed by the control unit 30 based on the output of CCD camera 12. 
[3] The ex planatory view 6 about the 2nd step is a flow chart which shows the processing sequence of 
the 2nd step. A series of processings in which it explains below are performed by the control unit 30 
based on the output of stereoscopic cameras 21 and 22. r j • i. 

[0037] the 2nd step -- first ~ stereoscopic cameras 21 and 22 - binary-ized processmg is performed with 
a predetermined threshold about each image pick-up image. At this time, the image picturized with each 
stereoscopic cameras 21 and 22 is picturized through the band pass fiUer 23, and two or more images 
which include the LED light sources 14a-14f by making it binary are extracted. (Steps SOI and S02) 
Furthermore, about each image extracted by this binary-ized processing, that magnitude and an average 
luminance value are computed, and the image with which that calculation value becomes larger than a 
predetermined threshold is extracted. Although noise components other than an LED light sources [ 14a- 
14f ] image are usually contained in the image extracted by binary-ized processing, since magmtude and 
the brightness value are small as compared with an LED Ught sources [ 14a-14f ] image, these noise 
components are removed by the noise rejection processing by the threshold. (Step S03) 
Next, matching with an each LED Ught sources [ which were specified in the image captured last tune 
about the remaining image (image for a trace) with which the noise component was removed by noise 
rejection processing / 14a-14f ] image (trace criteria image) is performed, and the migration in the image 
for a trace from a trace criteria image is pursued. As for this frace processing, known technique, such as 
a cross-correlation method, is used. (Step S04) 

And when it is able to pursue about all trace criteria images, based on arrangement of the pursued image 
for a trace, matching with each image for a trace and the LED light sources 14a-14f is performed anew. 
While specifically computing a center of gravity about the pursued image for a trace of six pomts and 
identifying the image for a trace nearest to the center of gravity as an image of LED light source 14a, the 
image for a trace nearest to the image of the LED light source 14a is identified as an image of LED hght 
source 14b. And about the four remaining images for a trace, it is clockwise identified on the basis of the 
image of LED light source 14b as an LED light sources [ 14c, 14d, 14e, and 14f ] image, respectively. 
(Steps SOS and S06) 
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And the part has come out of the common visual field of stereoscopic cameras 21 and 22 among the 
LED light sources 14a-14f of a measuring head 10, or it is hiding by the hand of an operating personnel. 
If at least three traces can be performed among the other trace criteria images when there is an image 
with which it cannot pursue among the images for a trace, namely, the image for a trace used as the 
candidate for a trace does not exist, the corresponding image of the LED light source will be identified 
based on the trace result. Moreover, since the location and direction of a measuring head 10 cannot be 
specified when the trace criteria image which was able to pursue is less than three pieces, processing is 
stopped. (Steps S07-S09) 

thus, the identified stereoscopic cameras 21 and 22 - the coordinate m an LED Ught sources [ 14a-14f ] 
world coordinate is computed using the technique well known as a stereo method firom the LED light 
sources [ 14a-14f (what was identified when all LED light sources / 14a-14f / images were not 
identified) ] image which boils, respectively and can be set. (Step SIO) 

Next, the rotation matrix R and the advancing-side-by-side vector t showing migration of a measuring 
head'lO are searched for. That is, the coordinate each LED light sources [ which are known beforehand / 
14a-14f ] based on measuring heads is set to (xi, yi, zi). However, i is an integer which makes maximum 
the number of the image identified among LED light sources [ 14a-14f ] images. Moreover, the 
coordinate in an each LED light sources [ which were measured by stereoscopic cameras 21 and 22 / 
14a-14f ] world coordinate is set to (Xi, Yi, Zi). The rotation matrix R showing migration of a 
measuring head 10 and the advancing-side-by-side vector t are searched for as the matrix R with which 
are satisfied of the following formula 3, and a vector t. The operation of this rotation matrix R and the 
advancing-side-by-side vector t is performed by the control unit 30. (Step SI 1) 
[0038] 

[Equation 3] , ^ 

min Z C(X'i-Xi)^+(Y i-Yi)2+(Z l-Zi)^ ] 

i 

here 



X i 




X i 


Yi 


= R. 


y i 









+ t 



[0039] [4] The coordinate in the world coordinate of point of measurement is searched for by changing 
into a worid coordinate (X, Y, Z) the coordinate based on [ of the point of measurement measured by the 
measuring head 10 ] measuring heads (x y, z) using the rotation matrix R searched for at the 2nd step of 
explanation about the 3rd step, and the advancing-side-by-side vector t and said-one number. This 
coordinate transformation is performed by the control unit 30. 

[0040] Thus, since according to the gestalt of this operation a device under test can be measured even 
when all caimot be recognized among LED light sources [ of a measuring head 10 / 14a-14f ] images, 
the measurement mistake produced by the method and measuring point of grasping of a measuring head 
is reduced, and it becomes possible to perform reliable configxiration measxirement. 
[0041] moreover, when it is able to pursue about all trace criteria images Based on arrangement of the 
image for a trace pursued again, matching with the LED light sources 14a-14f is performed. Moreover, 
since the location in the world coordinate of a measuring head is called for using the image for a trace of 
the maximum number currently pursued even when all are not able to be pursued, according to the 
image pick-up condition of stereoscopic cameras 21 and 22, it becomes possible to perform high 
measmrement of precision as much as possible. 

[0042] In addition, as long as it measures the location of the point of measurement on a device under test 
by the active stereo measurement approach as a measuring head 10, you may differ firom the gestalt of 
operation mentioned above. For example, the spot light source may be used instead of the slit Ught 
source 13. Moreover, you may make it measure the location (coordinate based on measuring heads) of 
point of measurement by two sets of CCD cameras. 
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[0043] What is necessary is for a stereoscopic camera just to be able to extract as a marker 14, without 
being limited to the LED light sources 14a-14f, For example, a seal with a high reflection factor may be 
used instead of the LED light sources 14a-14f. Moreover, a marker's 14 number should just be four or 
more pieces. 

[0044] Although it constituted so tiiat matching with the LED light sources 14a-14f might be agam 
performed based on arrangement of the pursued image for a trace when a trace was able to be performed 
from all trace criteria images in the gestalt of the above-mentioned implementation, as a result of 
performing trace processing After counting the number of the images for a trace, based on the counted 
value, you may constitute so that matching with the image for a trace and the LED light sources 14a-14f 
may be performed. In this case, if counted value is in agreement with the number which are the LED 
Ught sources 14a-14f of a measuring head 10 If matching with the LED light sources 14a-14f was 
performed based on arrangement of each image for a trace and it is less than the number whose counted 
value is the LED light sources 14a-14f of a measuring head 10 Matching with the LED light sources 
14a-14f is performed by trace processing, and an LED light sources [ 14a-14f ] image is identified. In 
addition, with [ counted value ] three [ less than ], processing is stopped as measurement impossible. 
[0045] In this case, since it constitutes using the recognition processing which can perform matching 
with the image for a trace, and the LED Ught sources 14a-14f with a sufficient precision as compared 
with trace processing so that trace processing may be used when fliat recognition processing is not 
possible when the recognition processing based on arrangement is possible, it does not overlap but trace 
processing and recognition processing become about processing that it is possible in accelerating. 
[0046] 

[Effect of the Invention] Since according to this invention a device under test can be measured even 
when a part cannot be recognized among the marker images of a measuring head, the measurement 
mistake produced by the method and measuring point of grasping of a measuring head is reduced, and it 
becomes possible to perform reUable configuration measurement. 



[Translation done.] 
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3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is a mimetic diagram showing the configuration of the configuration measxiring device in 
the gestalt of 1 operation of this invention. 

[Drawing 21 It is the front view showing the configuration of a measuring head. 

[Drawing 31 It is the top view showing the configuration of a measuring head. 

[Drawing 4] It is an explanatory view explaining a measurement principle. 

[Drawing 51 It is an explanatory view explaining the location measuring method of the point of 

measurement by the measuring head. 

[Drawing 61 It is the flow chart which shows the processing sequence of the 2nd step. 
[Description of Notations] 
10 : Measuring Head 

12 : CCD Camera 

13 : Slit Light Source 

14 : Marker 

21 : Stereoscopic Camera 

22 : Stereoscopic Camera 



[Translation done.] 
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[Drawing 61 



Page 2 of 3 




httD://vvrww4.iodl.ncipi.go,ip/cgi-bin/tran_web_cgi_ejje 



5/9/2005 



JP,2000-337834,A [DRAWINGS] 




SOI 



1/ 



I 



S02 



I 



S03 



1/ 



S04 




SOS 



mA9m 



S06 



I 



S10 



S11 



S07 




Page 3 of 3 



[Translation done.] 



http://www4.ipdLncipi.go.jp/cgi-bin/tran_web_cgi_ejje 5/9/2005 



a9)H*H#WJ? (jp> (12) i2t ^ ^ ^ (A) iiimvmmtmm^ 

#^2000-337834 
(P2000 - 337834A) 
(43)^MH ¥^12^12^8 0(2000.12.8) 



(SDlntCL' 
GO IB 11/24 
11/00 
G 0 6 T 7/00 
1/00 



F I 

G 0 1 B 11/24 
11/00 

G 0 6 P 15/62 
15/64 



f'-^3-r(##) 

A 2F0 6 5 

H 5B047 

4 15 5B0 5 7 
M 



m^m^ m^m(D9i3 ol s m) 





CTDIHIHA 


000001889 








(mamB ^j^ii^ 5^26 5(1999.5. 26) 




:*:IEfl*^PTp]KE*a2TB 5»5# 






WES 1993 


















mm a tax 


















100111383 






»m± iE38 








(54) [3&^<D^m m^mmm 



(57) 

«g ?rffi«T 5 C i @ a<J <!: t- S = 

21. 2 2Kr^flS3n/t-7-* 1 4<Dfl^<DiBgfCS-^ 

4%iK«ijur, 1 4(Dfi[gttii**a)4. 





1 

FfegstH^si. mum^.-y F&g®m*m5cj:oT 
*»be.n/cBirias'js---2' F<D{4S{ciwr5»fR«:s-2ft,> lo 

tcMis-r s V - 5ria«ij-r -s v - ;<7Misij#^ig i « Buiaaij 
ia!-r2.v-*ii!ai^©i, s^-*«®7-;i'F0im3K 

■C(D{4g{c»rJt,^raiJ^'N F©14g(cMT'5f»lR*^ 20 

So 

[If Mias'j^'^f Ffirg^iii#i8». Sirssa'j 30 
Ffi#^@K:r«»$n/c-7-*^©t!c?:<^ffl-r 

a3tifc-=7-*|feCD!K*sa'J3e's-, Ftt:BS{»]#W6nfc'7 

mtti>mm^ 1 fBt8©j^t*ai'Js«s. 

[fiq§©»iNH>SSiBJ] 40 
[0 00 1 ] 

[0 00 2] 

[0 00 3 ] mn:^ 7- u^S<DJi^t^JSS^g i . ;^ 50 
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[0 004] c:n{cMt.-c. Mg'M^i*©?i^*a'j5c 
[0 00 5] cn{c*f L> ^ F?rjm 

[0 006] 

F©fi[SRCJfjSl#«:«!J«-r-6fc«&{c«> :<7y^{crSR 
K3n/cv-;^7©^<b«iJ^'s^, F±©v-:^fi[gi©^t 
JSffW?:?f ^•ji^^^Sib^/cJs?). v-*>©— 95*12 #©* 

[0 007] •?-C-e*^HJ{i. S'JS-^f F©v-/7©— 
[0008] 

[Sl^*»^^-5fc*©#©] *#EBj©J^«S!JSigg 
»> d>ft< ifc4^B©v-*«rWL. ffl>JS#«:J;-o-ce 

itci^iftif b& 6fi sa'jje'^ y F i , «©a!j5£'^ f * 

\-'<D{iLWcm-r^mn^^^^fcii)<DmM^v f{4 
j&en/cii^'v-^ F®figtcRi-r-5tffS{cs-?i,^r. S'j 

^Sl^tc*3i^5»JS^±©aiJS*©ffiS^. >7-;u F 

ai*gi^©0^cc^-r ^mm^m^m. t ^m^tcjt^tKwi 
mks-cihr>x. mm^y Ffis^w*i2*s, mm^y 

<b. iW:e-v-y F««*ia{CTj««i3n?tSv-*|fe©^ 

SJ)%iIia|;-r.S-7-*iiE5^g:i, sv-*fii©7-ji/ f 
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[0 0 0 9] C<DJ:^tj:m^t-r^Cticj:V)^ mM-^ 

c 0 0 1 0 ] ^mjic\t. mm.^ y \=^m.n^^mt. 

[0011] C0J:^^c1ffiXi-r-5>£:<i:(cJ:i3, -7-/7 
[0 0 1 2 ] ^/t. iij^-^v F&s»tti^l2». ^im^ 

[0 0 13] C©J;^i&«^i-rSCi{CJ;i3. 

mw9t>tii, 30 

[0014] 

[ 1 ] mmmmiC'Di.>-c<Dmm 

[0 0 15] «arJ3£!Bjl OOB. '^Z 0 l±{Ct8«6n 

4, 3ttt2 0 2«0±SiJCCW. 7K^-'^•-2 0 Sifi^Oim 
6tlTI<>*. 40 
[0016] ff^t^^^gw. Si]S#{cJ:-5rgS(c^ 
ttl-ti Uto ?>tx-2>SfJS'^ F 1 0 i . 7K¥>'^'- 2 0 3 ©M 
iBSa5iC|X0-f^t:^6tl}fcXr'W:*-;«7>^2 1 . 2 2i> ^ 

*^?>i5:S$iJ®Kg3 0 <t=&m-ct,^.5o &;^7^U'jf*^ 
■72 1. 2 2 0S^feU>X(C«. 02{C^-rv-/7 1 4 

[0017] El 2&0*S3 ». j!W5£^ F 1 0©«i{lll5« 
RS=&^L'CIi.5„ 50 
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[0018] mm^ yh'io &f7m^-cm:^mn<D 

©CCD*^5 1 25:0';^ y V F5l£i®l 3 •y-ix> 
4^1 l©±BK:SW6nfc6-5©LE DTfeaai 4 a~ 1 
4 f *>6&Sv-;<7 1 4 i**!;^^^**. :^ 'J V^W 

[0 0 19] v-;^;l 4 *^fi£-r S 6 -:>©L E 1 
4a~l 4 f arJS-".!; K 1 0©:^ffiJ=&#^-r-Sfc«& 

tc. =5jtif*/=cBegi-jf-r. aijs-^--' f 1 o<D^'L-mci^ 

l©±®«:LED7fei!lil 1 11c. lid. 11 
e. 1 1 f ©5,^*5S:&?15*!&^J:5K:iBS5ti. -en 
6 5*©SvWcLED7fe?!El 1 a*ilBgSnSo ^C*J. 
3;X7C^r^*-C©9J^-^-:' F 1 0©tig&C/:^[Sj^SiJS 
•rSfc*{C». 'V'-*<fcLTii>iS:< ife3M©LED?fe 
ilS*SAnW+^-C*-2>3&5. 4Mi':i±©LED3Kj!i^ffll,> 
2> C t J; . gij^'v. F 1 0 ©aSRC)f:&l^©a'JS« 

m^mA^ 2 me^j«ci6]±r * , 
[ 0 0 2 0 ] ia4«. j^»f^jis©S'j^m**0T 

[002 1 ] S!I^^(cj:o-CSfiCc^S!j-a-l^J<)6n5#J 

F 1 0 4m<r»t:*-5i!S*A©ffiii*SfM-r5. 

iM^ S nfc]S«*S'J^'^ F *'C^©ffi^*{C*JW SffiS 
(x. y. z)-C«T„ C:©ffi«3gW. aiJ5t's-?Fl0 

[0022] — ttsjsgig) 1 0 oaymms.. m&x^fc 

F 1 0(cJ;-^raij^snfcaiJS<=&©7-;u FffiS 
«(C*ii^?.ll®^ (X. Y. Z) i^^,. wj^=bji 0 

o©ji5t*;«'7-ji' Fffi«ist?f2M-rS'i:<ii#«*sfc*. 

gij^-s.;; F 1 0(cj:-5r«>JS?n/ca'J^'SA©i'JS'^v 

\"p'C''<Dmmmicisi-fi>mm(x. y. z) y-^u 

F)^^?R{C^-r5. C©|^». afl^t--'? F 1 0©;^ 

[0023] 
[l&l ] 
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X 
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= R. 
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+ 1 


Z 









[0 0 2 4] U/c*lo-r. 7-Jl/F)ffiSS«:*jW?,SrJ^ 

-^'jfi o©fi[a&af*rsi*. laigff^jRiMJi-^i^ f 
(x. y, z)*. 'y-}vpjmm(tc^^-r?> 

[0 0 2 5] m^^v F 1 O^I^S'J^^l 0 0©^Ht* 

s«js-ti-^c*i6. ±ia©5aa€:tfc». ^©«PSf#6ns 

a'JS,'^.©'7-;UFJllSlS{C*it^i>iltl <X. Y. z> © 
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ai^i or. mm'^^ i o otomt^ifiw^sm. 
[0 02 6] c<Dmviwmmmicj:zmmmit. >x® 

[0 0 2 7 ] m I y-:^ : -mm^'j Fl O^fflC^r. 

[ 0 0 2 8 ] m2 ^f- r/" : >7-JV Flg^Jfer-CDSM-x 
•V F 1 0©&g{CB8^-St»#. -r^Jto^. FffiS 

I^-CCDS'J^'S Fl OO^S&^^TlHlltetf^iJRiMjl'^ 
i' FJU t t WiM^ y F 1 0±(c|g:l-J ^nfc-r-* 1 10 

■re CiCc J: 

[0 02 9] m3:^7"y^ :m2X7-'y^-X^m^tltcm 

9!m!k<Dmm^ . - ;u FM^^©MStcSJ^r So 
[0 03 0]J[UTv ctiP,&::f.Tvy'ic-:>\,>xmm-t 

s. 

m 5 ffi'JS'^ 2; F 1 0 {C J;eSJ^.#.CD{4SS93e^* 20 

[0 03 1 ] SiJS'N y Irfp'Ci^mW^tit. CC 
■7 1 2 OD^t^if jl£tt:^fl«if* z f 1 CCD 

^ 1 2(D7k^:^riPi?:xfi ccD^y -7 1 2©Sii: 

:^F(p)=&yllll<i:rSJ^«m-C4>S, CCD*^^12©iB 
•9 . ili#ffl S X - y Office WC3&>-5 z = f t?* S 

[003 2] sijS'v. vYioi^j: ?>&mMm:min» 
tgj 1 0 0 ©aMifctews:^ u -y b^m 1 3 y 

[0 03 3] COS(5e'*A©aiJ^'^-:; F ■t'-C^OI^tf * 
(x. y. z) iL. iliSffiSi-rcDffliJSsSAKMt&t- 
•581^* A ' ©ffi«4: ( X s . y s . f ) i ;^ 
F**«-r^ffiO:/3e^* ax + by + cz+d = Oi 

t^. mm.'^.A ' (om^ ( x s , y s . f ) (cfcit^, f 
tt, c c D ^ 1 2 om^s^w^t ureEfti-c* 0 . 

(x s . y s ) (JiSl^ffiTia^StlSX'; ^> F3fe©iB* 40 

[0 0 3 4] :^ y F^?:^-r¥®©:^^«iiJS'^ v 
F 1 0OKiEK:J;-5T^«t>6tirt,»-S, 

X. y. z. a«:**a»<!:-r4;*:©!»3:2r«3nsa 

3i^g5:=&)l?< Citcj:*). (x. y. z)*J^fe6n 

[003 5] 
[1^21 
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ax+by+c»+d=0 
x= « 'Xs 
y= a -y* 
z= « 'f 

CO 03 6 ] C(DiKia». CCD^y-S- 1 2CDttJ:^iCS 

C3] m2:^7-y:^ic-:>i^r(Dmm 
0 6 «^ 2 ;^ 7- f 7"<oMgiJiWy ^^-r 7 n - 5^ f - F -c 

K 2 2 0W:^K:a-:Ji>r. MffliSia3 0{cj:o-rtft> 

[0 037] 1120;^ r-'?7"-C{i, S:-r;^r-U:t*>-7 
2 1.2 2-eti^tx©»«EiiHli{C'Oi>T3f^©Bi<iitcj: 

0 2mMa35^tf*5n*, C©it. 

2 1 . 2 2(c-ct6^3ti/£:iii®t«. Y^-^:^v Aii'^ 
2 3«:fflL.TS8lfeSn-r*J«3. aMfc-T-SC i^LE D 
3taK14a~14f *^tJl®Sj©fii*s«ia3nS. 
T^y^-S 0 1 . SO 2) 

Mcc, c©2ffifbms«:J:f3aiH3nfcS<lfclc-3C»r. 

■e©:^# i5S!yf¥i^siSfii**mm 3 n. ^©maffl*i^ 

^©Mcfc'3:^t<^c^<^*5atH3ne. 2ffl{I:*!iSfc 
J:i3»a3*T.fc^{C«. am. LED51£iSl 4a~l 4 

f©«fe{i^©>'^XfiS:»*j^s<aTc>5**. -en^^-^ 

XfiSiS-tt. LED3fei!^l 4 a~ 1 4 f ©SEiib^UT:^ 
* 3 i^/c*. Sfilfc J; ^ X^Stt 

K:*il,>r#^S n/cSL E DTfeiK I 4 a~ 1 4 f ©# 

SfflMffi^c i'l!t»I©^«*^ffll» 6ne. (;^7-y:/S0 
4) 

■?-L/-c. ^r©ii®i:»m^iE«:-3(,»-riiSif35«tf^fcJS^. 

iI£};3n/ciiSi:>ffSll^©iaaK:«-:J(,>r. SiI©!:*fmtS 

1 L E D3ti® 1 4 a ~ 1 4 f i ©S^te-WWdS^JC^Ttf t> 
n-S. A^S«j{ctt. iISl;Sn/c6,-s©iiSf>!tfiflfeK:"^i.> 
T S'C;»%»tt t . -eos^c^tcft jfii,>iii»*fi^«% l e 

D3fe?!El 4 a©tla<tL/-C^5lJ^€.<ti*>{C. -eOLED 
<D»iCAi>i&i,^imMMLiSi'S: L E D^t® 1 4 

b©^tL.T:assij-rs. -s-u-r. ^*j©4<i©iii^a 

iSiicr){,>Xit. LEDTtifgl 4 b©#?:a*i{C. ^^i^ 
nB#l+Iil>)CCLED7fe?®l 4 c. 14d, 14e. 14 
t(Oi^tLXmUtli>, 7--^ 7-3 0 5. SO 6) 

-eur. aijje-s^r F 1 o©LED7i£aRi 4a~i 4 f © 
Si5*sx7^u3j-:^y52 1 . 2 2©^ataifJi-icta 
rt,»/cO. a'J^#©^K:j:«3rainrc>/c«3 L-c. jIE*>ct 
i^«©'5-fe)isj;*stf*'tti«>, -r^to-fe, asKtifei^cs 

S5:S«Sfi^© 5 < i ^) 3 MoiiSJWf ^■cc^nis. 



0 7~S 0 9) 

ti^tidCisi^i L E D^iiaS 1 4 a~ 1 4 f ( L E D^M 

1 4 a~ 1 4 f <Dm±Xi>imH-StlX\.>rj:l>m^i<Citm 

t:c>-2.^^S?:ffll»r> LE D31l;M1 4 a~ 1 4 f or?- 
0) 
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* L E D^M 1 4 a - 1 4 f (DMm^ v F ^J(j^(OmU^ 
(x i . y i . z i ) tTS. ilL-, i LED^fci® 
14a~l 4 f <D^<D^%m\\^infc^<Dm^'kmJz.m. 
i-r-S^^^r*-5. Sit. ;^'rU:t*^-72 K 2 2 
.fc-oTiiJjesn^fcSLEDitilil 4a~l 4 f ©'7-Jl' 
F)^S^«:fet:t^)ffiS^ (X i . Y i . Z i ) i-r^.. 
fiJS's.;, F 1 OCDi^E&^ra-riHllgff^iJRi^-^i' h^l/ 
t«. ^>:(Dt!i[^3*?^Jg-rStf5>JRi'<i'Fil'tiL/T 

1) 

[0038] 
[^3] 



minZC(X'!-Xi)2+(Y'i-Yi)2+(Z'i-Zi)2) 



here 










X i 


Y'i 


= R. 


y'i 
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CO 03 9] lA^m^T.f-vV't^'oy.^XO^^ 

i> fliBfj 1 i^fflor. aiJS->-:; F 1 OKcfco-CSd^ 
^tlfcWll^!^.(Dm^^ -y F cf'C^OilM ( X . y . z ) 
355. >7-JUFffi«<X. Y. Z) {C^gS3nSCi(C<fc 

, sds^s©-?-;!/ Fffi«»cc*jw5Me!3&s3j?»6n 

[0040] COJ; ^ Jc*||]fe©ff^^(c fJS-^ 
F 1 0<DLE D3t2S 1 4 a- 1 4 f 0®<D5 ^^"CAS 

CO 04 1] sj^c. :^-c<DiiSlfa»«fcourji®i;*itf 

C»r L E DTtiJg 1 4 a — 1 4 f i ©>Ffl6#lt^tf C\ S 

fc. ±xm:mxiit£iP'yfcmhx^. imx^fcmx'&L 

(DiMUI^M^^m^^xm'&'^y F<Dy-;i/ Fl^^JSfcfc 
i:fSti:g*5:^«) 6*1-5 ^2 1 . 2 2 

[ 0 0 4 2 ] aij^-, y F 1 0 i LT«, tmmji 

{c;^#v h:*iS*fflc»rfcJ:ti, Sfc. 2-^©CCD* 

[0 04 3] 4iL-rt3:. LED7K®14a~ 

1 4 f (CEg^$ti5C<b&<. T.T-V'^iysiv^X^^ 



nISg)5:fc©-C*nWJ:l\ m«> LEDt^cJUI 4 a~ 
Sfc. -7-*! 4CDffl»{i, 4ffiJW±r*ti«J:(,>. 

c 0 0 4 4 ] ±Mmmcmmiic%i\.^x\s.. iiSM&ii^tf 

4 a ~ 1 4 f i (DMte^^W 5 J; 5 {c^fiS L//fc*s. il 

l^X, i^mtm^tLED^mi 4a~l 4 f i©?tl© 

fii*s?gij^'^ F 1 0 ©L E D^M 1 4 a~ 1 4 f ©^i 
-ScLTl»n(i. #ii!0R*lii^©ieg(c»-:Jt,^TLED 
JfeiSi 1 4 a 1 4 f i©*fj5&#W#5ff*>n, */c. j&'i; 
> HB^ii'JS-^ F 1 0©LE D^feiSl 4 a~ 1 4 f © 
IS*TlHl-^ri^n«. iiSa^^aSfCTLEDTfegSl 4a■>- 
l 4 f <!:©>ltJC£;^^^:t*^^f^^n■C. LED^ejlil 4a~l 

c 0 0 4 5 ] c©«^. aaacca-cx sisiMffl*5nj«8^c 
40 tf^it. immmtimLxn^^< mmfMmtLE 

Dytmi 4 a~ 1 4 f tcDMjc^mi^^y^^w^mnm.^ 

*©i2MI5!LS*S"BJtlrifel,^<i:^ttiiKlFMa*fflt» 
[0 046] 

[^?^©jaj*] *:«W{c<ttv«. F©v-*fl^ 

&.sic-}:-yx^oi>mmz:^i)mn^ti. mm^<Dmt,» 

50 ff^t^«'J3e?:tf -5 C t*SpJtgincS, 
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[02] rnm^ y ]'omss.^m-rjEmmvib?>. 

[03] wi&^ -J F©«tJ3E%^-r^Biaf 

[05] isim^ y F {c ^ ^mM!^.<o{iiMmm^^^isi 

[06] m2;^f-^»7'©«!Sffif?%^T7P-^ + -* 
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